Attorney Docket: 038724.53972US 
PCT/EP02/ 10779 
PATENT 

BRINE SEPARATION IN TALL SOAP OIL PREPARATION 
CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation of International Application Patent Application 
No. PCT/EP02/ 10779, filed 26 September 2002, designating the United States of America, 
designating the United States of America, and published in German as WO 03/031545, the 
entire disclosure of which is incorporated herein by reference. Priority is claimed based on 
European Patent Application No. 01 1 240 64.5, filed 9 October 2001. 
BACKGROUND AND SUMMARY OF THE INVENTION 

[0002] The present invention relates to a process for improving the separation of aqueous 
sodium bicarbonate brine from soap oil in the recovery process of a pulp mill, comprising: 
forming a mixture comprising crude tall oil soap, water and carbon dioxide, neutralizing the 
crude tall oil soap and separating the aqueous sodium bicarbonate brine and the soap oil 
obtained from said neutralization step. 

[0003] The invention is further related to a process for improving the separation of 
aqueous sulphate brine from crude tall oil in the recovery process of a pulp mill, comprising: 
forming a mixture comprising soap oil, water and sulphuric acid, acidulating said soap oil and 
separating the aqueous sulphate brine and the crude tall oil obtained from said acidulation 
step. 

[0004] In chemical pulping wood chips are cooked with appropriate chemicals in an 
aqueous solution to obtain a fibrous mass. In this process the spent cooking liquor containing 
several chemicals is recycled. In the following the recycling of the cooking liquor will be 
referred to as recovery process or recovery system. The recovery process essentially 
comprises the separation of crude tall oil soap from black liquor, the crude tall oil preparation 
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process, the evaporation of black liquor and subsequently its burning in the recovery boiler, 
the alkalisation of green liquor received from the recovery boiler and its recycling to the 
cooking process step. 

[0005] The cooking liquor is separated from the fibres and washed with water forming 
weak black liquor. Reacted resin acids and fatty acids which rise to the surface of the black 
liquor are skimmed off as crude tall oil soap. The black liquor may be subjected to one or 
more evaporation stages to form strong black liquor with increased solid contents. Additional 
crude tall oil soap may be removed at these stages. 

[0006] The strong black liquor is introduced into the recovery boiler which evaporates 
residual moisture from the liquor, burns the organic constituents and supplies heat for steam 
generation. The flue gases from the recovery boiler containing a lot of chemicals are passed 
through an electrostatic precipitator to separate the recovery boiler ash. The recovery boiler 
ash is a salt mixture essentially containing sodium sulphate and sodium carbonate. Normally 
the ash is directly recycled into the recovery system by dissolving the ash in the black liquor 
that is going to be burnt in the recovery boiler. 

[0007] The crude tall oil soap skimmed off the liquor is conventionally acidulated with 
sulphuric acid to a pH of about 3 or lower. During this reaction three phases are formed: 
crude tall oil, a mixed phase containing fiber and lignin residuals and an aqueous sulphate 
brine solution. The brine solution and the mixed phase are separated and returned to the 
recovery system. Sometimes this mixed phase causes problems as it sticks to the equipment 
and e xtra c leaning i s n ecessary. T he o btained c rude t all o il i s u sed i nternally as a fuel o r 
externally as a valuable raw material for the chemical industry. The consumption of sulphuric 
acid in the acidulation of the crude tall oil represents an increasing problem to modem pulp 
mills. The amount of sulphuric acid for this reaction forms a major part of the total intake of 
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sulphur m ake-up t o t he recovery s ystem o f t he pulp m ill. H owever, d ue t o e nvironmental 
considerations sulphur emissions into the environment are increasingly unacceptable and 
there is a strong need to reduce the amount of sulphur and sulphuric compounds required in 
the recovery process of a pulp mill. 

[0008] The sulphuric acid consumption may be reduced by about 30% to 50% by a 
pretreatment of the crude tall oil soap with carbon dioxide. According to such a process, 
which is disclosed in WO 98/29524, the crude tall oil soap is subjected to carbonic acid prior 
to the final separation of black liquor and soap, thereby removing impurities from the crude 
soap and hence reducing the amount of acid to acidify the soap. The carbon dioxide 
acidulation has the further advantage that the sticky components of the mixed phase are 
dissolved in the sodium bicarbonate brine and do not stick to the equipment. In the technical 
operation it is difficult to obtain a high degree of bicarbonate brine separation from the soap 
oil after the carbon dioxide neutralization step due to the creamy consistency of the soap oil. 
However, a ny remaining b icarbonate b rine i n t he s oap o il w ill increase the s ulphuric a cid 
consumption in the final acidification step which for environmental reasons is to be avoided. 
[0009] To overcome this problem WO 96/34932 suggests to carry out an additional step 
of pH adjustment after the carbon dioxide pre-treatment but prior to the bicarbonate brine 
separation step. The pH adjustment may be performed by adding a substance with acidic 
activity, such as sulphuric acid or bisulphite. One drawback of this solution is that it reduces 
the efficiency of the carbon dioxide pre-treatment, as it increases the amount of sulphur 
introduced into the recovery system. 

[0010] An object of the present invention is to provide an improvement in the separation 
of bicarbonate brine in the soap oil preparation process and to reduce the amount of sulphuric 
compounds required in the final acidulation step. 
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[0011] Another object of the present invention is to improve the separation of sulphate 
brine and crude tall oil in the final acidulation of the crude tall oil preparation process. 
[0012] These and other objects and advantages are achieved by processes for removing 
brine in a recovery process in a pulp mill according to the invention. In an embodiment, the 
invention comprises neutralizing a crude tall oil soap by forming a mixture comprising crude 
tall oil soap, water and carbon dioxide; and separating aqueous sodium bicarbonate brine and 
soap oil obtained from said neutralization, wherein said mixture comprises a water solution 
having an increased density. In another embodiment, the invention comprises acidulating a 
soap oil by forming a mixture comprising soap oil, water and sulphuric acid; and separating 
aqueous sulfate brine and crude tall oil obtained from said acidulation step, wherein said 
mixture comprises a water solution having an increased density 

[0013] In an embodiment, the invention relates to a process for improving the separation 
of sodium bicarbonate brine from soap oil in a tall oil recovery process comprising the 
following steps: The crude tall oil soap is mixed with a high-density water solution and 
carbon dioxide. The resulting acid neutralises the crude tall oil soap whereby forming a two 
phase solution of crude soap oil and sodium bicarbonate brine. Subsequently the aqueous 
sodium bicarbonate brine is separated from the soap oil obtained. 

[0014] After the separation of the sodium bicarbonate brine from the soap oil a final 
acidulation is carried out. After the final acidification it can also be difficult to get a good 
separation of the resulting sulphate brine from the resulting crude tall oil. This is due to the 
reduced difference in density between the phases which is a consequence of the reduced 
charge of sulphuric acid in the final acidulation step. 
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[0015] In another embodiment, the use of the inventive high density water solution is also 
advantageous in the final acidulation step as an additive to the sulphuric acid. This will result 
in sulphate brine with higher density that thus is easier to separate from the crude tall oil 
phase. The water and brine content of the final crude tall oil is minimized, increasing the 
quality and the effective yield of crude tall oil. 

[0016] In an embodiment carbon dioxide is first dissolved in said water solution having 
increased density to form an acidic solution and afterwards the crude tall oil soap is 
neutralized with said acidic solution. 

[0017] It is also advantageous to first dilute the crude tall oil soap with said water 
solution having increased density and then introduce carbon dioxide into the soap-water 
solution: 

[0018] Due to the inventive use of water having an increased density the carbon dioxide 
treatment results in a bicarbonate brine with higher density compared to the state of the art 
processes. Thus it is easier to separate the soap oil and the brine solution. 
[0019] The high density water is preferably prepared by mixing ash and / or dust from the 
recovery process, in particular precipitator ash, with water. Beside the desired increase in the 
density of the water such a preparation has the additional advantage that no other substances, 
in particular no additional chemicals, are added to the recovery process. 

[0020] In an embodiment, ash and dust are separated by an electrostatic precipitator from 
the flue gases of the recovery boiler. Conventionally precipitator ash or dust is recirculated to 
the r ecovery s ystem b y mixing i 1 1 o t he s trong b lack 1 iquor p rior t o e ntering t he r ecovery 
boiler. According to the invention, the precipitator ash is not directly recirculated to the black 
liquor, but first used to form said high-density water. The high-density water is mixed with 
the crude tall oil soap and carbon dioxide for the soap neutralization or, in the acidulation 
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step, is mixed with soap oil and sulphuric acid. In this way the precipitator ash is also 
returned to the black liquor and the recovery boiler, however the recovery cycle is longer. 
Compared to conventional processes the precipitator ash is additionally used to form said 
high density water solution before ending up in the same position, that is in the black liquor 
system. According to the invention no additional external sulphate is added to the recovery 
process. 

[0021] The invention uses the physical effects due to the difference in density between 
the soap oil respectively the tall oil and the brine phases when using the high-density water 
solution. However, a density that is too high may limit the carbon dioxide solubility in the 
water which reduces the achievable pH in the soap treatment. This is disadvantageous as a pH 
of about 8 should be reached in order to have the separation of soap oil and bicarbonate brine. 
Therefore, an increasing density of the water solution has the positive effect of increasing the 
relative density difference between the bicarbonate brine and the soap oil, but the negative 
effect of decreasing the soap oil formation. It has been found that the preferred water solution 
should have a density between 1000 kg/m 3 and 1500 kg/m 3 , more preferably between 1050 
kg/m 3 and 1300 kg/m 3 and most preferably between 1 100 kg /m 3 and 1200 kg/m 3 . 
[0022] In a preferred embodiment sodium and/or potassium salts of sulphate and/or 
carbonate and/or chloride are used to increase the density of the water. Such salts may be 
sodium sulphate, sodium carbonate, sodium chloride or mixtures thereof. Preferably ash or 
dust from the recovery boiler is dissolved in the water that is used to dissolve carbon dioxide 
therein. 
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[0023] The water can be fresh water or water or an aqueous solution recirculated within 
the recovery process. For example, it is possible to use a partially recycled sulphate brine 
solution, another internally recirculated liquid such as an evaporation condensate, or anything 
similar. 

[0024] After the separation of the sodium bicarbonate brine from the soap oil the final 
acidulation is preferably carried out with sulphuric acid or spent acid from the chlorine 
dioxide preparation. The spent acid, a waste stream from the pulp mill, is a mixture of 
sulphuric acid and sodium sulphate. The amount of sulphuric acid or spent acid necessary is 
reduced by about 30% to 50% compared to processes without carbon dioxide pre-treatment. 
As a result of the acidulation a sulphate brine phase and a crude tall oil phase are formed. 
[0025] Preferably the change in pH after the neutralization of the crude tall oil soap and 
prior to the separation of sodium bicarbonate from soap oil is less than 0.2, more preferably 
less than 0.1, and still more preferably there is essentially no change in pH. According to a 
preferred embodiment of the present invention the neutralization step is directly followed by 
the separation of the bicarbonate brine without any intermediate addition of any substances, 
in particular without adding any pH changing substances. 

[0026] Using the recovery boiler ash in the proposed manner the external intake of 
sulphur to the pulp mill recovery system is not influenced and thus the full efficiency of the 
carbon dioxide pre-treatment to reduce the mill sulphur intake will be m aintained or even 
improved as less remaining bicarbonate brine in the soap oil will further reduce the sulphuric 
acid needed in the final acidulation. 
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[0027] The invention will now be illustrated in greater detail with reference to the 
appended d rawings. It i s o bvious f or t he m an s killed i n t he a rt t hat t he invention m ay b e 
modified in many ways and that the invention is not limited to the specific embodiment 
described in the following example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] Figure 1 shows a schematic drawing of the tall oil recovery system according to 
an embodiment of the invention. 

[0029] Figure 2 shows the same system with a different order of mixing according to an 
embodiment of the invention. 

[0030] Figure 3 shows another embodiment of the inventive system. 
DETAILED DESCRIPTION OF THE INVENTION 

[0031] As schematically shown in Figure 1, water 1 and recovery boiler ash 2 are 
introduced into a dissolving tank 3. In an embodiment, the recovery boiler ash is a mixture of 
about 90% sodium sulphate, 9% sodium carbonate and 1 % sodium chloride, and is separated 
from the recovery boiler flue gases by using electrostatic precipitators. In the dissolving tank 
3 a water solution 15 is prepared which has an increased density of 1200 kg/m 3 achieved by 
dissolving ash and dust 2 from the recovery boiler into the water 1 . 

[0032] The high density water solution 15 is fed to a vessel 4. Further carbon dioxide gas 
5 is introduced into the vessel 4 and dissolved in the high density water solution 15. The so 
prepared high density carbonic acid solution is pumped to the tall oil plant. In the tall oil plant 
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crude tall oil soap 6 is neutralized with the high density water solution in a neutralization 
reactor 7. 

[0033] After this carbon dioxide pre-treatment process, two phases are formed within the 
neutralization reactor 7: a bicarbonate brine which collects at the bottom of the neutralization 
reactor 7, and the soap oil phase on top of the brine. Due to the inventive use of the high 
density water 15, the bicarbonate brine has an increased density compared to brine resulting 
from the state of the art neutralization reactions. Thus the brine can easily be separated from 
the soap oil and is returned to the recovery process 8. 

[0034] The soap oil phase is fed from the neutralization reactor 7 via pipe 9 to the 
acidulation reactor 10. In the reactor 10 the soap oil is finally acidulated with sulphuric acid 
11 andana dditive o f t he h igh d ensity w ater so lution 1 5 . A fter t he a cidulation a s ulphate 
brine phase and a crude tall oil phase are obtained. As a consequence of the addition of the 
high density water solution 1 5 the sulphate brine has an increased density and is thus easier to 
separate from the crude tall oil phase. The tall oil 12 is gathered from the top of the 
acidulation reactor 10 whereas the sulphate brine 13 is recycled in the recovery process. 
[0035] In another embodiment, instead of first introducing carbon dioxide 5 into the high 
density water solution 15 and then mixing the resulting carbonic acid with crude tall oil soap 
6, it is also advantageous to change the order of adding carbon dioxide 5 and crude tall oil 
soap 6. Such a process is shown in Figure 2. First crude tall oil soap 6 is diluted with the high 
density water 15 obtained from vessel 3. Into the resulting solution carbon dioxide 5 is 
introduced to neutralize the crude tall oil soap 6. 

[0036] In still another embodiment, the above described process may also be performed 
as a continuous process. That is instead of using separate reactors 3, 4, 7, 10, some or all of 
these process steps can be done in one reactor vessel. One such example is shown in figure 3. 
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Instead of using two vessels 4, 7, as shown in figures 1 and 2, the high density water 15, 
carbon dioxide 5 and crude tall oil soap 6 are mixed in one vessel 14. It is also possible to 
have only one vessel instead of vessels 3 and 14 or to have one common reactor vessel for all 
described process steps. 

[0037] The foregoing disclosure has been set forth merely to illustrate the invention and 
is not intended to be limiting. Since modifications of the disclosed embodiments 
incorporating the spirit and substance of the invention may occur to persons skilled in the art, 
the i nvention s hould bee onstrued t o i nclude e verything w ithin t he s cope o f t he appended 
claims and equivalents thereof. 
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